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Abstract:  
 
Multiple Objective Decision Support System (MODSS), or Multiple Criteria Analysis 
(MCA), has been put forward as an approach to decision-making that identifies a 
management option or options that best “satisfices” the interests of affected stakeholders 
when the problem to be addressed is complex and the outcomes difficult to quantify. The 
approach, which facilitates the incorporation of information from multiple disciplines, is 
recommended as appropriate to address complex natural resource management problems.  It 
is variously claimed that the MODSS approach is effective in improving communication 
between stakeholder groups that might otherwise have been in conflict. An improved 
understanding of the natural resource problem being addressed and the options to address the 
problem, is argued to result in a greater acceptance and therefore compliance to the final 
choice of action. This report presents the initial findings from a project to assess the 
effectiveness of a MODSS that was implemented to assist the evaluation and implementation 
of a number of options to manage an emerging groundwater problem in a catchment area in 
Far North Queensland.  
 
Keywords: Multiple Objective Decision Support, multi-disciplinary, participative, satisficing, 
compliance. 
 
 
 1. INTRODUCTION  
 
A prototype multiple objective decision support system (MODSS) developed by the US 
Department of Agriculture, Tucson, Arizona, was implemented by the Department of Natural 
Resources and Mines (DNRM) to assist in the identification of a suitable strategy to address a 
groundwater problem in the Cattle Creek catchment area in Far North Queensland (see Figure 
1). The deteriorating groundwater in the catchment has the potential to severely affect 
agriculture both in the catchment and downstream of the catchment as well as the biodiversity 
downstream of the catchment. The research project spanned a period of five years and 
involved a multi-disciplinary research team.1 The results from the project have been 
presented as a ranking of options to manage the land and water resources (Robinson, 1999; 
Robinson et al., 1999). However, the real outcome is claimed to have been a greater 
understanding about the groundwater problems, on the part of stakeholders, and a conviction 
that, given this knowledge, natural resource users will adopt improved land and water 
management practices (Robinson, 2000b). 
 
Figure 1  Location of the Cattle Creek Catchment 
 
 
 
 
                                                 
1 The research work for the project was funded by the SRDC, the National Heritage Trust (NHT), the Sugar Industry 
Reference Panel (SIRP) and by DNRM.  
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The ranking of options through the MODSS implemented in the Cattle Creek catchment 
represents the outcome from a procedural and participative approach to resource 
management. MODSS has been promoted as offering an approach to resource management 
that is appropriate when the problem to be addressed is complex and poorly defined, when 
information about the problem and the effectiveness of options to address the problem is 
inherently uncertain, the outcomes are difficult to measure in dollar terms, and when there are 
multiple groups of stakeholders in conflict over resource management.  
 
Robinson (1999) has credited the outcomes from the approach implemented in the Cattle 
Creek catchment with increasing the awareness of stakeholders about the resource problem; 
improving the consensus from stakeholders towards the magnitude of the problem; and an 
acceptance by stakeholders of the need to change their management of land and water 
resources. However, unless the outcomes from the MODSS are evaluated in relation to what 
was actually implemented – that is, in terms of changed land and water management- there is 
a real danger that the effectiveness of the MODSS could be judged on the basis of the process 
itself, rather than the outcomes or implementation of actions following the process.  
 
The question remains whether application of the MODSS approach makes any discernible 
difference to resource management. The response to this question is likely to provide 
information about the future design and application of MODSSs. A reduction in the 
groundwater problem is expected to result in environmentally sustainable agricultural 
production in the catchment and downstream of the catchment for a greater period than is 
likely to have been possible otherwise. In short, the MODSS was implemented in the Cattle 
Creek catchment to facilitate the involvement of stakeholders in the decision process and was 
perceived at the time to be an effective way to improve compliance with the findings. If the 
approach is to be considered as appropriate to support land and water management in the 
catchment, then it could be expected that the options evaluated through the MODSS approach 
as having the highest priority would have been implemented subsequently.  
 
The remainder of this report has been organized into a number of sections. The first section 
clarifies the rhetoric surrounding the MODSS approach to decision-making by discussing the 
rationale for adopting a MODSS rather than other standard evaluation approaches, 
particularly cost-benefit analysis (CBA). This is followed by a description about the 
implementation of the MODSS to address the groundwater problems in the Cattle Creek 
catchment in Far North Queensland. The third section describes the approach adopted to 
evaluate the MODSS and identifies the information requirements. This is followed by a 
report on the initial findings from the study to substantiate the claims made about the 
outcomes from the MODSS in the catchment. The fifth section comments on a number of 
factors that might have impeded change and the concluding section comments on the 
implications of the observed management changes in the catchment, discusses the usefulness 
of the MODSS approach for resource management and makes a number of recommendations 
about future research in this area. 
 
 
2. THE RATIONALE FOR ADOPTING A MODSS  
 
Environmental decision-making is characterised by complexity, uncertainty, multiple and 
conflicting outcomes and often irreversibility. In this situation, conventional approaches to 
decision-making, for example cost-benefit analysis (CBA), which evaluate projects or 
programs based on the sole criterion of economic efficiency have been criticised as masking 
both the complexity of environmental impacts and the trade-offs between competing 
objectives. (See for example, Archibugi, 1989; Nijkamp, 1989; Janssen, 1992; Driml, 1994 
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and Robinson, 2000a). MODSS offers a process-approach to decision-making during which 
information, of a scientific as well as social and economic nature, about the problem to be 
addressed is collected and disseminated to stakeholders. Options are evaluated using a 
decision framework that incorporates multi-disciplinary information as well as stakeholder 
preferences.  The process has the effect of increasing stakeholders’ understanding or 
knowledge about the problem to be addressed and facilitating their active involvement in 
decision-making.  
 
The MODSS process-approach to decision-making is consistent in spirit with the thinking of 
Simon (1976; 1979), who draws a distinction between rationality as a means to an end and 
"procedural rationality". "Procedural rationality" refers to the process of decision-making 
rather than the decision itself.  According to Simon (1979), procedural rationality is 
characteristic of decision-making situations that are "too complex, too full of uncertainty or 
too rapidly changing to permit the objectively optimal action to be discovered and 
implemented" (p.504). In these situations a "satisficing" decision or an outcome that 
represents a compromise is more achievable than an optimal outcome. The decision process 
becomes critical if the outcome is to be acceptable to the stakeholders. One of the strengths of 
the MODSS approach is that it has the ability to attend to social and cultural issues and to 
explicitly consider the distributive effects of the political, social and environmental value 
judgments that are frequently overlooked or trivialized in a CBA by qualitative statements.  
 
CBA and extensions of CBA, do not necessarily provide the opportunity for multiple 
objectives, which could be competing or conflicting, to be evaluated in a way that is 
transparent to all stakeholder groups. A particular strength of the MODSS approach is the 
transparency of the process of evaluation, where information about the trade-offs inherent in 
a decision is made explicit. 
 
Hohl and Tisdell (1993) acknowledged the shortcomings of CBA and extensions to CBA 
when there are environmental considerations associated with a project, recommending that 
“in real-world planning situations more scrutiny has to be placed on establishing the value 
priorities of the different resource-users by adopting a participatory approach” (p.1). The 
involvement of stakeholders in the process of decision-making can diffuse a situation or 
prevent a situation from occurring where there are conflicting opinions and requirements 
from resource management and improve compliance to the outcomes. MODSS offers a 
participatory and transparent approach to decision-making that identifies and evaluates 
alternative courses of action in relation to their ability to meet the competing and sometimes 
conflicting needs of the stakeholders. The decision supported through a MODSS is made by 
consensus rather than a solution "forced" on people, justified by decision makers on the 
grounds of economic efficiency.  
 
Although there are a number of advantages of adopting a MODSS approach to support 
decision-making, particularly when there are a number of options to be evaluated, and 
competing and conflicting criteria to be considered, it cannot be regarded as a substitute for 
CBA. It is best regarded as an appropriate approach for supporting a decision, for prioritising 
courses of action or to complement CBA.  CBA provides information specifically about the 
economic efficiency of an investment. Although this information may be embodied within a 
MODSS as one of the criteria for evaluation, it is not included routinely.   
 
Ultimately, the final decision about management rests with the decision-makers. Janssen 
(1992) suggests that a specific characteristic of MODSSs is that they support but do not 
replace decision-making This supportive role has traditionally been the role of CBA, as a tool 
for “organising information to aid decisions about the allocation of resources” (Department of 
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Finance, 1991, p.viii). The Department of Finance emphasises the supportive role of CBA, a 
role that should be extended to MODSS, when it states “cost-benefit analysis is an 
information aid to decision-making, never a substitute for it” (p.101). This section has 
presented the MODSS approach as having the capacity to provide information to support 
decision-making, information that is not routinely provided from a CBA.  
 
 
3. THE MODSS IMPLEMENTED IN THE CATTLE CREEK 
CATCHMENT 
 
The MODSS implemented for the Cattle Creek catchment was adapted from a prototype 
MODSS developed by the US Department of Agriculture (Yakowitz et al. 1992; Shaw et al. 
1998). The MODSS developed for the Cattle Creek catchment was designed for whole 
catchment management. Relatively large numbers of stakeholders were involved in the 
decision process, many of whom were concerned more about their own financial viability 
than the long-term sustainability of the catchment. In response to this situation, a participative 
approach to resource management that facilitated the incorporation of information from a 
number of research disciplines was proposed as an effective decision-process (Shaw et al. 
1998).  
 
Soliciting of stakeholder preferences was used in the Cattle Creek study as a means to 
identify and overcome the conflict between stakeholder groups over management of the 
groundwater resources in the catchment and, by improving their understanding of the urgency 
of the groundwater problem in the catchment, gain acceptance for the management options to 
be implemented 
 
In essence, the MODSS implemented in the Cattle Creek catchment supported the 
construction of a set of proposed management options, a set of evaluation criteria, a set of 
rankings of criteria to estimate weights and a set of scores estimating the expected 
performance of each option against each criterion.  
 
For the Cattle Creek project, a number of management options were identified through 
community workshops to address a deteriorating groundwater problem. These included a 
number of soft options, such as planting trees and education; options of a regulatory nature, 
such as water pricing and restriction of water allocations; some requiring changes in farm 
management, such as efficient irrigation; and some which could best be described as 
engineering solutions, including an option to dewater areas at immediate risk. Criteria to 
evaluate, or measure the performance, of these options were identified also through 
community workshops. The criteria included cost considerations; the ability of an option to 
increase the depth to groundwater; as well as consideration to reducing degradation 
downstream of the catchment. Stakeholder approval for the options and the level of support 
for the criteria were solicited through a survey (Robinson and Rose, 1997).2  
 
The results from the survey of stakeholders, categorised as Catchment Irrigator, Downstream 
Irrigator or Community Representative, suggested that all groups of stakeholders would 
prefer some form of resource management to be implemented, that is, they rejected the option 
to do nothing. In addition, a ranking of the criteria by stakeholder groups demonstrated that 
                                                 
2 The survey was carried out in January of 1997 by personal interview involving 79 respondents. Nearly 97% of irrigators in 
the catchment were interviewed while irrigators downstream of the catchment were selected on the basis that they were "key 
informants" representing the interests of other downstream irrigators. People selected as representing the community 
interests were selected also as "key informants" representing the interests of the community as a whole. Robinson and Rose 
(1997) provide for more detailed information.  
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cost and reduced degradation downstream were important considerations in the choice of 
management for all groups (Robinson and Rose, 1997).  
 
Ranking of options 
 
The final ranking of the options for each group of stakeholders, shown in Table 1, demonstrates 
that a compromise outcome was available to stakeholders 
 
Table 1 Final ranking of management options, using the maximum aggregate score, 
for each stakeholder group, 1997 
 
Stakeholder Group  Catchment 
Irrigators 
Downstream 
Irrigators 
Community 
Representatives 
More efficient irrigation 1 1 1 
Farm management education 4 5 5 
Plant trees 5 10 7 
Land & water management plans 3 4 4 
Conjunctive water use 2 2 2 
Lining storage 14 12 10 
Drain and reuse water 5 3 4 
Water pricing 9 6 6 
Retire land 11 7 6 
Restrict water allocations 10 4 3 
Manage leakage 13 8 9 
Restrict irrigation expansion 12 9 8 
De-water 7 11 8 
Do nothing 8 13 11 
  Source: Robinson et al (1999) 
 
In brief, Efficient Irrigation was shown to perform the best for all groups of stakeholders. An 
evaluation of the achievements of the MODSS approach would therefore need to measure the 
extent to which this option has been implemented in the catchment and the subsequent 
condition of the groundwater in the catchment. 
 
 
4. APPROACH TO EVALUATE THE MODSS OUTCOMES 
 
Implementation of a MODSS, particularly to support resource management, is a continuing 
process. The approach implemented in the Cattle Creek catchment by DNR was initiated in 
1995. It has, since 1998, been passed over to the Mitchell River Integrated Catchment 
Management organization and to the Cattle Creek catchment Landcare organization for 
implementation. For the purpose of this study, changes in the management and condition of 
land and water resources, have been measured since 1995.  
 
The remainder of this section establishes the importance of continued involvement of the 
catchment irrigators in the MODSS approach, identifying an appropriate reference period for 
this evaluation. It concludes by describing the pre-MODSS condition of land and water 
resources in the catchment and the information that this study would need to consider to 
evaluate any changes in the condition of land and water resources since the implementation 
of the MODSS.  
 
4.1 Stakeholder involvement in the implementation of the MODSS approach 
 
Considerable effort was made throughout the MODSS to keep stakeholders informed about 
the research undertaken to monitor the condition of the land and water resources in the 
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catchment and to assuring stakeholders that the research being undertaken was of a high 
calibre. Observations from research undertaken by Syme et al. (1999) concur with this 
approach. Syme et al. assert that resource users are motivated by greed (self-interest or 
profit), efficiency and fairness. It is suggested that “people will modify their personal 
demands if they feel there is adequate knowledge about the available environment, and that 
management practices will alleviate the problem (Syme, 1999, p.62). Syme et al. claim also 
that “in cases of high uncertainty, people tend to overestimate the robustness of the 
environment and not concern themselves with restricting their activities” (Syme et al, 1999, 
p.62).  From this observation it can be argued that if the MODSS approach was successful in 
disseminating credible information to stakeholders, particularly catchment irrigators who 
would be required to undertake investment to improve farm management, then, as long as 
there were no other impediments to implementing changes in the catchment, it should be 
possible to observe a discernible difference in the management of land and water resources 
by these stakeholders over the period since their initial involvement.  
 
4.2 The pre-MODSS condition of land and water resources 
 
To make observations about changes in the condition of land and water resources in the 
Cattle Creek catchment since the implementation of the MODSS, the pre-MODSS 
management and condition of land and water resources and the pre-MODSS attitude of 
farmers towards resource management must be assessed. These assessments form the basis 
for measuring changes in land and water management since the MODSS approach was 
implemented which can be partially attributed to the MODSS. 
 
For the most part, information about the pre-MODSS condition of land and water resources 
in the catchment is available from earlier research work undertaken as an essential part of the 
MODSS. An information report (DNR, 1996) distributed to stakeholders during the MODSS 
process provides descriptive information about the condition of the groundwater in the 
catchment as well as land use across the catchment. A survey of irrigators undertaken in 
January 1997 (Robinson and Rose, 1997; Rose and Robinson, 1999) provides a source of 
detailed information about water management by farmers at that time as well as an indication 
of their level of understanding and concern about groundwater problems in the catchment.  
 
Condition of the groundwater pre-MODSS 
 
Data from groundwater inspection bores located throughout the catchment has been collected 
by DNR since 1990. Information from these bores between 1990 and 1996 suggests that the 
quality of the groundwater and the depth to groundwater was variable across the catchment. 
Of particular concern to authorities was the condition of the groundwater in the Arriga area, 
an area predominantly under sugar cane and predominantly flood irrigated. For one bore 
located in the Arriga area, a reasonable representation of a number of bores located in this 
area of the catchment, the  water level was increasing between 1990 and 1997 (DNR, 1996). 
However, the rate of rise in the bore is reported to have stabilized slightly by 1997.  The 
water level in bore number RN91930022 (number 22) rose from approximately 11.5 meters 
below the surface to approximately nine meters below the surface over a period of 
approximately eight years. The water level had risen by approximately 0.3 of a meter per 
annum. 
 
The interpretation of groundwater levels has limited usefulness. Attributing changed land and 
water management to an improvement or deterioration in the condition of groundwater is 
somewhat dubious. It can take substantial periods of time for recharge of the groundwater to 
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reduce groundwater pressure.3 In short, a time lag would need to be accounted for but the 
length of the lag is uncertain.  Sources of groundwater recharge including irrigation 
management and rain events are discussed below. 
 
Land use Cattle Creek Catchment pre-MODSS  
 
The Cattle Creek catchment can be roughly divided into four geographical areas, viz, 
1. Arriga Flats, 
2. Paddy’s Green, 
3. Lower catchment; and 
4. Kimalo. 
 
The mean size of properties, agricultural production (principal crop) and irrigation 
management are different in each area.4 Information about land use in the catchment in 1994-
95 is available from DNR (1996) and for 1997 from a survey of catchment irrigators 
(Robinson and Rose, 1997).  Summary information about land use in the catchment in 1994-
95 and again in 1997 is provided in Tables 2 and 3 respectively. 
 
Table 2 Land use Cattle Creek Catchment, 1994-95 
 
Geographic 
area 
Number of  
Properties 
 
Mean 
Property Size 
(ha) 
Crop Area (ha) Principal Irrigation 
Method 
Arriga  Flats  11 351 Sugar cane*  
Mango 
Fodder 
Fallow 
 
1924.0 
8.6 
504.7 
2072.8 
Flood   
Under tree spray 
Flood   
- 
Paddy’s Green 25 124 Tobacco* 
Horticulture 
Vegetables 
Fodder 
Fallow 
 
123.7 
190.5 
87.8 
141.5 
3359.7 
Solid set spray 
Under tree spray 
Solid set spray 
Solid set spray 
- 
Lower 
Catchment 
6 128 Sugar cane 
Horticulture 
Tobacco* 
Vegetables 
Fodder 
Fallow 
 
95.1 
9.3 
44.2 
15.1 
6.4 
1043.6 
Spray /Flood 
Under tree spray 
Solid set spray 
Solid set spray 
Solid set spray 
-  
Kimalo 1 6,071 Grazing   Minimal flood 
* Crop contributing more than 75% of farm income. 
Source: DNR (1996). 
 
Table 2 shows the land use in each geographic area within the catchment in 1994-95. There 
are considerable differences in the number of properties and the mean size of properties in 
each geographical area. The mean size of properties within the Arriga area is 351ha (ranging 
from 150ha to 1,000ha) whereas the mean property size within Paddy’s Green and the Lower 
Catchment is 124ha and 128ha respectively. This information is important because it suggests 
                                                 
3 Blackmore and Connell (1997) report, in relation to the groundwater in the Murray-Darling Basin, that despite action being 
taken to halve the accessions to the groundwater in the Basin, in could take 50-60 years before groundwater pressure is 
reduced. 
4 It is important to note that resource use and farm management is under continuous change in the catchment as farmers 
implement new technology. The situation described here is relevant only for the period specified.  
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that the options for redevelopment of properties for sugar cane could be severely limited for 
those farms on Paddy’s Green and the Lower Catchment.  
 
The principal crop grown in each area in 1994-95 is different, with sugar cane on the Arriga 
Flats, and tobacco on Paddy’s Green and on the Lower Catchment. It is interesting to note 
also the area of land in each area that is not under crop. The Arriga area would appear to 
encompass the majority of the developed land in the catchment with 2,437ha under crop and 
2,072ha undeveloped which includes areas classified as fallow, native vegetation or 
designated as unallocated State land. This compares with 543ha under crop and 3,359ha 
undeveloped on Paddy’s Green.   
 
Table 3 Property Profile of Catchment Irrigators, January 1997 
 
Geographic 
Area 
Number of  
Properties 
 
Mean Property 
Size (ha) 
 
Principal Crop* Principal Irrigation 
Method 
Arriga  Flats  11 351 Sugar cane*  
Horticulture 
 
Flood   
 
Paddy’s Green 25 124 Tobacco* 
Horticulture 
Pasture 
 
Solid set spray 
Under tree spray 
Solid set spray 
 
Lower 
Catchment 
6 128 Horticulture* 
Sugar cane 
Tobacco 
 
Under tree 
 Spray /Flood 
Solid set spray 
Kimalo 1 6,071 Grazing  Minimal flood 
 
*Principal crop contributing more than 75% of farm income. 
Source: Robinson and Rose (1997). 
 
In 1997 sugar cane was the principal crop grown in the Arriga Flats (there was a little 
horticulture but production was not large). Tobacco, navy beans and horticultural crops were 
grown on Paddy’s Green, and, tobacco, horticulture and sugar cane were all grown on the 
lower part of the catchment. Since the restructuring of the tobacco industry (with the gradual 
removal of subsidies to the industry since 1995), tobacco farmers had begun to re-develop 
their farms and diversify into horticulture. Properties pre-1994 that were producing tobacco 
as their principal crop, tended to have diversified their production into a range of horticulture, 
field and vegetable crops. Many farms on Paddy’s Green were still growing some tobacco but 
it was no longer their principal crop.  
 
Water management pre-MODSS 
 
Information collected by DNR in 1996 (DNR, 1996) and the 1997 Robinson and Rose 
survey, and confirmed through DNR water records, shows that sugar cane farmers in the 
catchment had the highest water allocations.5 Sugar cane farmers indicated that they apply 
approximately 8ML per ha to crops (compared with 4 or 5ML for tobacco and tree crops) 
which, in 1994-95 and 1997, was primarily flood irrigated in the catchment.6 Tobacco 
producers all applied irrigation to their crops using solid set sprinklers, that is, overhead 
sprinklers applying water over the whole plant. Horticultural producers had all adopted 
                                                 
5 “Principal crop” refers to the crop from which farmers earn the greatest proportion of their income. 
6 Although sugar cane farmers estimated their water use, estimates are likely to be conservative. In other irrigation areas 
measurement of water use has shown that farmers actually use more water than they are aware (Wegener, pers. com, 1998). 
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under-tree sprinklers which apply water to the soil surface under the canopy of the tree (see 
Tables 2 and 3).  
 
Although flood irrigation was not regarded as the most efficient irrigation method, in terms of 
water-use efficiency (McGuire, 1991; McMahon, 1993), it is relatively inexpensive to 
establish and requires little maintenance or labour (Raine, 1995). In 1994-95, 100% of sugar 
cane producers used surface or flood irrigation using furrows or drills. By January 1997, 
flood irrigation was practised by 92% of the sugar cane farmers in the catchment. On the 
lighter soils of Paddy’s Green, one farm in 1997 was under sugar cane irrigated by an 
overhead spray system (centre-pivot). On the Lower Catchment, one sugar cane farm had 
adopted a lateral move overhead spray irrigation system. In January 1997, some irrigators in 
the catchment (both existing sugar cane producers as well as those redeveloping their 
property to sugar cane) indicated they would like to convert to overhead spray irrigation 
systems (either centre-pivot or lateral move) or to low-volume systems (such as T-tape).7   
 
When questioned in January 1997 about future water requirements, 58% of irrigators stated 
that they required an additional water allocation (the maximum requirement indicated was 
2,000Ml for a farmer wanting to expand his sugar cane production). When asked how the 
water would be used irrigators indicated either that they would expand the area under 
production or apply more water to the existing area under crop. And when asked if they could 
be persuaded to sell any of their existing water allocation they indicated either that they 
required all they currently had for their current crops or that they would not sell because they 
were uncertain about their future water needs. Farmers were of the opinion that their farms 
were of no value if they did not have an adequate water allocation.8  
 
Parts of the Arriga Flats and lower catchment are most at risk from rising groundwater and in 
some areas this water is extremely salty (DNR, 1996). Between 1994 and 1997 sugar cane 
was the preferred crop in these areas and was predominantly flood irrigated. Soils in the area 
are variable which could affect the volume of water entering the groundwater (Smith, 1995). 
This is an important development that could have significant implications for land and water 
management in the catchment. It could be expected that, because the expansion and 
redevelopment of properties into sugar cane production has incurred high investment costs, 
sugar cane farmers would have a particular interest in future resource management within the 
catchment. It is likely that these interests would be reflected in their management of the land 
and water resources on-farm. 
 
4.3 Follow-up surveys 
 
Survey work undertaken in 1997 to determine stakeholder preferences for resource 
management and which collected detailed information about irrigation management practices 
in the catchment at that time (Robinson and Rose, 1997; Rose and Robinson, 1999), has 
                                                 
7  Studies by the BSES in Mackay (Chapman and Kingston, 1992) established that the most efficient method  of applying 
irrigation water (though expensive to install) is T-tape (drip). This method deposits the water at the base of the plants, close 
to the root zone. It has been established that “irrigation efficiency” defined as the proportion of water applied which is used 
by the crop, is typically 0.5, 0.7, and 0.9 for flood, overhead sprinkler and T-tape respectively (Chapman and Kingston, 
1992, p. 1). Flood irrigation techniques apply the water to plants by gravity feeding water down furrows between rows of 
plants.  This technique is inefficient but is attractive to farmers initially establishing sugar cane because establishment costs 
are less than for other irrigation methods (Benjamin, 1995). Water losses using flood irrigation, through evaporation and 
accessions into the groundwater, can be high due to watering across differing soil types with different degrees of 
permeability. 
8 The Queensland State Government is encouraging farmers to sell all or a part of their water allocation to improve the 
distribution of the resource to those economic units who can earn the highest marginal return on water use. The information 
obtained from irrigators about their attitude to the sale of their water allocations suggests that the government’s policy for 
encouraging the sale of water might be slow to be taken-up.  
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provided a rich source of information to establish a pre-MODSS situation statement about 
land and water management practices. In order to ascertain any change in land and water 
management practices implemented by irrigators since the first stakeholder survey 
undertaken in January 1997, a follow-up survey of catchment irrigators was undertaken in 
January 2000. This information has been used to determine if there have been changes in the 
level of awareness of irrigators to the groundwater problems in the catchment and to assess 
changes in water-use efficiencies. In addition, the survey questioned farmers about their 
motivation to implement perceived land and water management improvements, and, or 
reasons for not implementing change.   
 
The survey in 1997 encompassed 91% of irrigators in the catchment and in January 2000 the 
survey encompassed 100% of irrigators. Both surveys were conducted through personal 
interviews, most often, on-farm.  
 
The following section describes the findings from the survey about stakeholder attitude 
towards land and water management and provides some comments on the condition of land 
and water resources in the catchment. 
 
 
5. STAKEHOLDER ATTITUDE, MANAGEMENT AND CONDITION 
OF LAND AND WATER RESOURCES 
 
5.1 Stakeholder knowledge-base and attitude 
 
Despite considerable effort to inform stakeholders about the condition of the groundwater in 
the catchment and the implications if land and water resources were not managed (see section 
4.1), when the initial survey of stakeholders was undertaken in 1997, it was found that only 
30% of catchment irrigators could be classified as fully aware9 of the groundwater problems 
in the catchment and considered that the problem required management. Alarmingly, only 
15% of respondents had made themselves familiar with the information booklet (DNR, 1996) 
that had been distributed previously to all irrigators in the catchment.  
 
By January 2000, only three irrigators in the catchment could be classified as “poorly 
informed” about the groundwater problems and the need to improve irrigation efficiencies. 
The three farmers concerned were all new sugar cane farmers in the catchment. None were 
involved in the Cattle Creek Landcare and only one was resident in the catchment. On the 
whole, Cattle Creek catchment irrigators in January 2000 were well informed about the 
groundwater problems and over 75% were regular attendees of the Landcare meetings.  
 
5.2 Farm management changes since the inception of the MODSS 
 
Land use Cattle Creek Catchment, January 2000 
 
Land use in the catchment has changed considerably since the inception of the MODSS. Table 
4 shows the transition of land use from 1994-95 to January 2000. It shows that in 1994-95 
sugar cane occupied 21% of the catchment, and 74% of the catchment was classified as 
“other”; including native vegetation, fallow, fodder crops or unallocated State land. 
                                                 
9 Respondents were classified as “fully aware” if they were able to indicate approximately where the groundwater problems 
were located in the catchment and what factors might have contributed to the problem.  
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Table 4  Land use changes Cattle Creek Catchment, 1994/95 to January 2000 
 
 1994/95 January, 1997 January, 2000 
Sugar 21 34 58 
Tobacco 2 2 2 
Horticulture 3 3 5 
Other 74 61 35 
 
 
By January 2000, the area under sugar cane had increased to 58%, with horticulture 
increasing to 5%, tobacco remaining at 2% and ‘other’ reduced to only 35% of the catchment. 
In brief, the expansion of sugar in the catchment was at the expense of the area classified as 
“other” but is predominantly comprised of areas previously under native vegetation, fallow or 
fodder crops. 
 
Water management in the Cattle Creek Catchment, January 2000 
 
Using information from the 1997 and 2000 surveys, farmers were classified in relation to their 
level of efficiency (largely technical efficiency) at managing their irrigation. Farmers are 
classed as highly efficient if they had adopted all of the following irrigation management 
techniques: 
• water efficient irrigation applications, specifically, installation of trickle or overhead 
spray equipment. 
• were aware of different soils on the property and planned property layout for 
appropriate irrigation 
• recycling irrigation run-off  
• adopted conjunctive water use accessing groundwater or water seepage by constructing 
drains 
• installed equipment to monitor timing and duration of irrigations, specifically 
tensiometers or evaporation pans. 
 
If they had adopted three of these water management efficiencies they were classified as 
‘efficient’. If they had adopted two they were moderately efficient and less than two classified 
them as ‘totally inefficient’. 
 
Table 5 shows the classification of farmers in 1997 and again in 2000.  The most noticeable 
change is in the number of irrigators who were classified as ‘highly efficient’.  The four 
additional farmers interviewed in 2000 who were not irrigating in 1997 were all classified in 
2000 as either ‘totally inefficient’ or ‘moderately inefficient’. This classification can be 
attributed to their inexperience as sugar cane farmers and their subsequent failure to adopt 
water-efficient irrigation technology.  
 
Table 5 Irrigation efficiency Cattle Creek Catchment 1997 and 2000 
 
 
Level of efficiency 
January 1997 
         Number                              % 
January 2000 
          Number                           % 
Highly efficient 5 11.90 11 23.91 
Efficient 29 69.05 25 54.35 
Moderately inefficient 8 19.05 9 19.57 
Totally inefficient 0 0.00 1 2.17 
TOTAL 42 100.00 46 100.00 
Source:  Rose and Robinson (1999). 
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Irrigation management, manifested through the adoption of water-efficient irrigation 
technologies, in the catchment has changed considerably since the initial survey in January 
1997.  Table 6 shows the method of water application in 1997 and 2000 respectively. 
 
Table 6 Irrigation application Cattle Creek Catchment, January 1997 and January 
2000 
 
Irrigation Management January 1997 January, 2000 
Flood 78 51 
Solid set 13 8 
Trickle 6 7 
O’head spray 3 34 
 
In 1997, the area under flood irrigation was exclusively producing sugar cane, the area under 
spray was producing tobacco, vegetable crops and fodder and the area under trickle was 
producing horticulture, mainly tree crops. The area irrigated using overhead spray was 
producing sugar cane.  
 
Table 6 shows that by January 2000, the proportion of the irrigated area under flood irrigation 
had declined to 51% (exclusively sugar cane), whilst the area under overhead spray 
(exclusively sugar cane) had increased to 34%, and the area under spray (solid set spray 
primarily irrigating tobacco) had been reduced to 8% of the irrigated area.  
 
Taken at face value, this transition from relatively water-inefficient flood irrigation to the more 
water-efficient overhead spray irrigation appears to demonstrate a move towards water-efficient 
irrigation technology.  However, when considered in relation to whether the more efficient 
irrigation applications relate to redeveloped land or newly developed land, then a different story 
emerges.  Even though the percentage of the total irrigated area under flood had declined 
between 1997 and 2000, the absolute area under flood had increased. The area in 2000 shown 
to be under the more efficient overhead spray irrigation was comprised primarily of newly 
developed land; that is, land that had been under fallow or fodder. In brief, land that was flood 
irrigated in 1997 was still flood irrigated in 2000. In addition, all of the land newly developed 
was under sugar cane and any land redeveloped was under sugar cane also.  
 
Table 7 provides some additional detail about changes in irrigation technology since 1997.  
 
Table 7 Farmers adopting irrigation technology improvements since January 1997 
 
Irrigation technology Number of farmers 
Water recycling  
     Tailwater dams 12 
      Interception trenches 4 
Irrigation equipment  
     Changed water metering (PA meter) 8 
      O’Head spray irrigation equipment  
            Re-development 2 
             New development 8 
Irrigation Management  
      Monitoring equipment  
      Tensiometer 2 
      Evaporation pans  3 
        
      Changed irrigation frequencies 6 
      Changed farm layout 5 
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The stated objective of this evaluation is to assess the extent to which the findings from the 
MODSS have been implemented. With this in mind, irrigators surveyed in 2000 were 
questioned about their motivation to improve their irrigation application, largely manifested by 
the adoption of improved technology. Table 8 provides a summary of the responses.  It shows 
that a total of 23 out of 42 irrigators had implemented water-efficient irrigation application 
since 1997. Of these, 18 indicated that the reason main they had undertaken this was to improve 
water efficiencies. The remainder cited time savings, standard practice or low cost as an 
explanation.  
 
Table 8 Irrigator motivation for adopting improved irrigation technology since 1997 
 
Reason Number Proportion 
(%) 
Water efficiency 18 78.26 
Time saving 2 8.70 
Low cost 1 4.35 
Standard practice 2 8.70 
TOTAL 23 100.00 
 
A further explanation was sought concerning water efficiencies. In short, was the motivation to 
improve water efficiency because of the cost of water; that they were physically constrained by 
the volume of water available to them; or, did they perceive that their actions would contribute 
towards an improvement in the condition of the groundwater.  
 
Table 9  Irrigator explanation for water efficiency objective 
 
Objective Number Proportion % 
Cost water 3 16.67 
Water constrained 10 55.56 
Condition of the 
groundwater 
5 27.78 
TOTAL 18 100.0 
 
The majority of those who stated that water efficiencies had motivated them to adopt improved 
irrigation technology also indicated that they were water constrained. This has implications for 
policy formation. It would appear that appealing to farmers to improve their irrigation 
applications for the sake of the condition of the environment has limited success. Even water 
pricing, traditionally heralded as the regulatory tool to reduce water demand, might have 
limited success. What would appear, in this catchment at least, to successfully motivate farmers 
to improve water efficiency is to physically limit the volume of water available. There are of 
course a number of factors that might have made the physical constraint particularly effective. 
One important consideration is that a large part of the catchment was being developed or 
redeveloped between 1997 and 2000. For the most part, sugar cane was the preferred crop, and 
this requires relatively more water than other crops produced in the catchment (see section 4.3). 
 
5.3 Condition of the groundwater since 1997 
 
Recent readings of the water level in the bores across the catchment are not encouraging. 
Figure 2 shows the water level in two bores sited on the Arriga Flats area between 1997 and 
January 2000. It was reported that the rate of increase in the water level in these bores had 
declined slightly between approximately 1995 and 1997 (see section 4.3). Between March 1998 
and January 2000 (a period of nearly 18 months) the water had risen in this bore by a further 
meter or at the rate of over 0.6 of a meter per annum (compared with 0.3 of a meter previously). 
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The situation is similar for bore number RN 91930027. As the quality of the water in both of 
these bores is poor, this recent trend is cause for alarm.  Even more alarmingly, the readings on 
a substantial number of other bores located throughout the catchment show similar upward 
trends (Jensen, pers. com, 2000). 
 
Figure 2  Level of the groundwater in bores on the Arriga Flats, 1998-2000 
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Source: DNR (2000). 
 
The increasing rate of rise in the water level in these bores should not be interpreted as a 
failure to successfully implement efficient irrigation management practices in the catchment. 
This is because firstly, irrigation is not the sole contributor to accessions to the groundwater. 
Rain events, particularly when the wet seasons bring higher than average rainfall, recharge 
the groundwater. Secondly, and mentioned previously (section 4.2), there is a substantial time 
lag between reducing accessions to the groundwater and reduced groundwater pressure. 
 
 
6. POSSIBLE CLIMATIC AND FINANCIAL CONSTRAINTS OR 
ENCOURAGEMENTS 
 
Specific climatic or financial conditions that may have constrained farmers, or alternatively 
encouraged farmers, to implement improved farm management practices in response to the 
MODSS have been investigated. As sugar cane farmers appear to be the largest land and 
water users in the catchment, this section presents information about a number of these 
factors and speculates on the impact they might have had on sugar cane farmers’ land and 
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water management.  The climatic conditions in the area over the period 1990 to 2000 and the 
financial conditions for sugar cane farmers are reported in sections 6.1 and 6.2 respectively.   
 
6.1 Climatic conditions 
 
Figure 3 shows the annual rainfall in the catchment over the period 1988 to 1999. Between 
1995 and 1999 the mean annual rainfall in the catchment was approximately 789mm with a 
range of 575mm to 1229mm over the period of interest.  
 
Figure 3 Annual rainfall in water year (July-June) for Cattle Creek Catchment 1988-
89 – 1998-99 
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  Source: DNR, Mareeba 
 
Compared with the long-term average annual rainfall for Mareeba, reported to be 953mm 
(DNR, 1996), the annual rainfall was below the annual average for four years out of the five 
years of interest.  
 
The impact of lower than average rainfall in the area is likely to have reduced crop yields and 
to have resulted in higher grower costs as farmers increased their reliance on irrigation. It is 
likely also that farmers who were physically and financially constrained by the volume of 
water allocations during this period and who were endeavouring to expand their production 
of sugar cane might have been motivated to seek irrigation management techniques that 
would preserve or economise on the volume of water required.  
 
6.2 Cane production and sugar yield on the Tablelands 
 
Not all of the cane grown on the Tablelands is crushed at the newly commissioned 
Tablelands Mill. At least 50% of the cane grown in the area is crushed at the South Johnstone 
Mill. However, the statistics available for production from the Tablelands Mill are indicative 
of the expansion that has taken place in the area since 1997.  
 
The Tablelands Mill is the first sugar mill to be built in Queensland since 1925. In its first 
year, 1998, it crushed 211,770 tonnes of cane, harvested from 1975ha, and by 1999 it had 
crushed 480,442 tonnes from 4032ha. Newly developed cane farms in the area have produced 
cane reported to be 107.2 tonnes per ha harvested with an average ccs of 14.20 (Rural Press, 
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2000, p.194). This compares favourably with the harvesting statistics from other mills in the 
Northern region where the average yield was 88.3 tonnes per ha with a ccs of 11.11 (Rural 
Press, 2000, p.194).  
 
The statistics on cane produced in the Tablelands area, which encompasses the Cattle Creek 
catchment, show that the cane yield and sugar content of the cane are higher for the 
Tablelands than for the northern region generally over the reference period. This suggests that 
the cane farmers in the Cattle Creek catchment would not have been unduly disadvantaged in 
their earnings because of poor cane production or poor sugar content.  
 
6.4 Financial conditions for sugar cane farmers 
 
Three particular issues that are likely to have affected the ability of sugar cane farmers to 
redevelop their farms from flood to a more water efficient irrigation system are the price 
Queensland producers have received for their sugar, domestic interest rates as well as the 
exchange rate for US dollars. As the majority of the raw sugar produced in Queensland is 
exported, and the world price is quoted in US dollars, the exchange rate impacts heavily on 
the marketability of sugar as well as the return from the sales. 
 
Table 8 provides summary information about the price for Queensland sugar between 1992 
and 1998.  The price shown each year represents an average price for the whole season. The 
price of sugar is historically volatile and the prices shown over a period of six years 
demonstrates that the price has ranged between $382.29 and $301.39. In brief, sugar cane 
farmers in 1992 would have been barely financially viable (it costs farmers approximately 
$28.00 to $32.00 to produce a tonne of cane), but two years later, farmers were receiving a 
profitable return. The volatility of the sugar price has made it very difficult for farmers to 
plan substantial investment.  
 
It is interesting to note that over the period that sugar price was high (particularly 1995), 
interest rates were also high, over 7.50% for 30 day Bank Bills, and the exchange rate relative 
to the US dollars was relatively high (0.7583 to 0.7086).  
 
 
Table 8 Queensland sugar prices 1992-1998 
($ per tonne 94 net titre) 
 
Season Overall average 
price ($per tonne) 
1992 301.39 
1993 344.62 
1994 382.29 
1995 371.22 
1996(a) 334.59 
1997 335.08 
1998 352.29 
 
(a) From the 1996 season, the basis on which payments were made changed from 94 net titre to a system based on 
International Pol Scale (IPS). 
 
Source: Rural Press, 2000, p. 201. 
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Table 9 Interest Rates and Exchange Rates, Australia, July 1993- June 1999 
 
 Interest rates on Bank accepted bills (%) 
          30 Day                            180 Day 
$A/$US at end 
of the month 
July 1993 5.10 4.90 0.6834 
Jan 1994 4.75 4.80 0.7112 
June 1994 5.00 5.95 0.7291 
Jan 1995 7.75 9.25 0.7583 
June 1995 7.55 7.55 0.7086 
Jan 1996 7.50 7.45 0.7447 
June 1996 7.52 7.69 0.7890 
Jan 1997 5.95 5.78 0.7620 
June 1997 5.44 5.31 0.7455 
Jan 1998 5.00 5.02 0.6693 
June 1998 5.29 5.40 0.6135 
Jan 1999 4.80 4.80 0.6286 
June 1999 4.91 5.02 0.6596 
 
Source: Reserve Bank of Australia Bulletin July 1993- July 2000. 
 
In summary, the financial conditions for sugar cane farmers between 1992 and 1998 have 
been volatile. When the price of sugar is high it might be expected that farmers would invest 
more capital into their farms. However, when the sugar price was high so too were interest 
rates, which may have discouraged farmers from taking on a long-term loan.  
 
 
7. CONCLUDING COMMENTS 
 
The MODSS approach was implemented in the Cattle Creek catchment in response to a need 
to manage more effectively land and water resources in a catchment that was at risk of losing 
valuable agricultural land due to an emerging salinity problem.  The problem was not 
confined to the Cattle Creek catchment. The livelihood of tobacco growers downstream of the 
catchment who were drawing water from the Walsh River was at risk as well as the 
biodiversity of the Mitchell River watershed encompassing a fragile ecosystem. 
 
Before any conclusions can be made about the effectiveness of the MODSS to provide the 
motivation to improve and land water management practices in the catchment it is important 
to acknowledge that the work undertaken by the research team involved in the MODSS was 
not carried out in isolation from other research organizations or agricultural extension work.  
The Bureau of Experiment Stations (BSES) and the Canegrowers, for example, have been 
very influential in encouraging sugar cane farmers to adopt environmentally sustainable 
irrigation practices. In addition, the arrival of Bundaberg Sugar (Tait and Lyle) in the district, 
who were developing a substantial area in the catchment and who brought with them a well 
informed and experienced management team, provided an example to growers in the 
catchment as to how properties should be managed. In short, not all of the land and water 
management improvements in the catchment since the implementation of the MODSS can be 
attributable to the information disseminated to farmers during the MODSS.  
 
So, what has changed, and, is it all good news? Since 1994-95 there have been a number of 
noticeable changes in the attitude of catchment irrigators to the groundwater problem and to 
land-use and irrigation management in the catchment.  In particular, the lack of knowledge 
and concern about the deteriorating groundwater in the catchment, evident from the 1997 
stakeholder survey, had clearly been addressed at the time of the 2000 survey. With the 
exception of a small number of newcomers to the area, farmers were knowledgeable about 
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the problem and a substantial number were actively involved in the newly established Cattle 
Creek Landcare organization.  However, although a change in attitude is desirable, on its own 
it does not mean that farmers will implement improved farm management practices.  
 
An examination of land use in the catchment since 1994-95 revealed that the catchment has 
undergone rapid development.  The dramatic growth of the sugar industry and the 
construction of a new sugar mill in the catchment were important changes. In 1994-95, 74% 
of the catchment was classified as under fallow or fodder crops or undesignated State land. 
By 2000, this area had been reduced to only 51% of the catchment. For the most part, this 
land had been redeveloped for sugar cane.  
 
Previous reports about water-use efficiencies in the catchment (Rose and Robinson, 1999) 
had expressed concern about the extensive adoption of flood irrigation practices on 
apparently unsuitable soils. The next question to be addressed was whether, with knowledge 
about the poor condition of the groundwater, farmers had continued to flood irrigate or had 
expanded production by installing water-efficient irrigation systems?  The answer to this is 
not all entirely encouraging. It would appear that whereas in 1997, 78% of the irrigated area 
in the catchment was under flood irrigation, by 2000 this had been reduced to 51% of the area 
and overhead sprinklers had been installed to water 34% of the total area.  On further 
examination, it was found that the absolute area under flood irrigation had declined only 
marginally. Overhead irrigation systems had been installed primarily on the newly developed 
sugar cane land rather than by redevelopment of the existing flood irrigated land. What 
incentives, and how long is it likely to take, before farmers currently flood irrigating install 
more efficient watering systems? 
 
What had motivated those farmers who have implemented improved irrigation management?  
The majority of farmers indicated that they were motivated primarily by water-use 
efficiencies. This led to a further question, why? Rather than farmers suggesting that they 
were altruistically motivated to conserve water, they indicated that water constraints had been 
the motivation. In brief, it was not concern for the environment that had led to an apparent 
improvement in irrigation management, but a concern that they would not have a sufficiently 
large enough water allocation to irrigate their expanded crop. 
 
The next question to be addressed concerns the condition of the groundwater. Has there been 
a discernable improvement since the MODSS was implemented? The water is still rising in 
the groundwater bores across the catchment, and at an increasing rate. However, a number of 
high rainfall years may have contributed to the apparent deterioration. In addition, there could 
be a considerable time lag before the pressure on the groundwater is relieved.  
 
Where does this leave the contribution of the MODSS?  On its own, the MODSS approach 
has limited effectiveness. It is not sufficient to identify a prioritisation of options and to leave 
the implementation of these options in the hands of the community. In short, moral suasion is 
relatively ineffective in the face of the dramatic expansion of the sugar industry in this region.  
 
One important aspect of the MODSS approach is the gauging of stakeholder preferences in 
relation to the criteria or attributes of management options.  The strength of these preferences 
provides valuable information to policy-makers. Rather than using the MODSS merely to 
prioritise a number of discrete options, the information solicited from stakeholders could be 
adopted as a form of conjoint analysis10 to formulate a total policy package to manage land 
                                                 
10Conjoint analysis is a technique to analyse survey data. It is a standard tool in marketing research to evaluate consumer 
preferences for multi-attribute commodities. More recently, this approach has been adopted by economists estimating a 
monetary value for an environmental resource. A more detailed description of this technique is available in Louviere (1988).   
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and water resources.  If the preferred attributes of a management policy are identified by 
stakeholders, then a suite of policies could be implemented that was regarded by stakeholders 
as legitimate and would have a greater likelihood of being successfully implemented.   
 
In addition, financial incentives may be required to further encourage farmers to invest in 
expensive irrigation equipment. After all, the benefits from improving the sustainability of 
the agricultural land in the catchment and downstream of the catchment and the conservation 
of the biodiversity downstream of the catchment, are not necessarily going to be confined to 
the existing landowners in the catchment. This raises issues about the value of the public 
good and is the subject of continuing research. 
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